Correlation between the maximum condyle change and verbal pain rating and mandibular range of motion was poor. However both the Koyama and RDC/TMD classifications were highly correlated for average and maximum bony change.
iii
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To all the people who helped me in this thesis project: Some problems associated with these modalities include anatomic superimpositions with plain films and panoramic radiography; high radiation doses with computed tomography; and long scanning time and in some cases restricted availability MRI. 4 According to Westesson et al, CT has a greater sensitivity and specificity than MRI in detecting changes in the bone, thereby concluding that CT is superior in depicting osseous abnormalities.
5
Due to the increasing demand for 3-dimensional information in activities such as implant treatment planning, a compact low-dose machine was developed specifically designed for maxillofacial imaging. This is known as the Cone Beam Computed Tomography (CBCT) or Digital volume tomography (DVT). CBCT is a fairly new imaging modality for the TMJ. Its use in dentistry started only in 1998. 4 The use of CBCT has gained increasing popularity among dentists because it produces images of high diagnostic quality, using generally less radiation dose than medical CT, is more readily accessible by the dental patient, and costs less than comparable medical CT examinations. 14 Normally, the TMJ has a capability to adapt to functional demands as a result of continuous remodeling so that there will be balance between form and function. In cases where there is joint overloading, the ability of the joint to remodel may be exceeded and the articular surface is unable to remodel and bring about a breakdown of the articular tissues.
15
Previous histologic and biomechanical studies have proven that there is the loss or breakage of fibrocartilage covering the mandibular condyle and temporal component in osteoarthritis.
14,16,17 The disruption of collagen followed by loss of proteoglycans and glycosaminoglycans are one of the earliest molecular processes that take place in osteoarthritis.
14 Because of loss of these molecules, the articular tissues began to lose resiliency to compressive and shearing forces during mandibular movements making the affected joint more exposed to structural damage from repetitive joint loading. The damaged articular tissues further induce advancement of the disease by stimulating inflammatory responses. 18 Mild overloading of the joint may result to remodeling but excessive pressure on the TMJ could lead to degeneration of the fibrocartilage covering the condyle. The elastic capacity of the fibrocartilage is most often reduced causing increased stress to the underlying bone. As the degenerative process advances, osteoclastic activity may result to thinning and eventual cracking of the articular surface. This could be followed by the development of subarticular cystic areas in the medullary portion of the condyle. The bone may eventually become exposed causing the breakdown of the cyst and eventually leading to erosion and change in the shape of the condyle. Osteophytes generally form as a result of proliferation of the bones at the margins of the condyle.
Two important radiographic hallmarks of degenerative joint disease are the presence of erosions and osteophytes. 19 Erosion is an area of decreased bone density of the cortical bone. It represents the early stage of degenerative changes suggesting that the TMJ is unstable and there is alteration of bony surfaces. Radiographically, it appears as a local area in the condyle showing decreased density of the cortical and adjacent subcortical bone.
Osteophyte is described as marginal bony outgrowth of the condyle. 20 They usually appear in the later part of the degenerative changes when the body is adapting and trying to repair the joint.
19,20
In osteoarthritis, there is secondary inflammation of the synovium that causes pain.
There are some patients that tend to experience inflammatory reaction to overloading of the TMJ. This may be part of an "arthritic event" which indicates that the inflammatory process is producing pain during remodeling.
21
The chief complaint of the patient is usually pain that is constant and localized to the area. As a result of pain, there is also a limitation of mandibular movement and sometimes deflection to the ipsilateral side and more limited movement to the contralateral side. The painful osteoarthritic TMJ is often tender to palpation and the pain exacerbated by movements. 20 Pain is experienced everytime the joint is loaded. Patients may also experience myalgia and spasm of the masticatory muscle as the muscles try to guard against movement.
Usually osteoarthritis has a gradual onset and self-limiting.
15
Numerous imaging modalities claimed to be able to image osteophytes and erosions but there is no consensus on which imaging modality should be considered as the "gold standard" for detecting these TMJ bony changes. 19 Ludlow et al reported that axially corrected sagittal tomography (ACST) can detect osteophytes better than panoramic in the TMJ. 3 According to Honda, there was no significant difference in detecting erosions and osteophytes between CBCT and helical computed tomography (HCT).
22
Increasing morphologic radiographic changes was also observed with increasing age and for females. 23 
18
Epidemiologic studies proved that osteoarthritis has a female predisposition than males. 25, 26 Clinical investigations showed that there is an association between estrogens and development of temporomandibular disorders. It was shown that estrogens could increase vulnerability to TMJ osteoarthritis because of 2 mechanisms: (1) by altering the generation of matrix-degrading enzymes (as a response to hormonal stimulation) and (2) causing joint hypermobility leading to damaging biomechanics.
PREVIOUS STUDIES CORRELATING TMJ OSTEOARTHRITIS WITH RADIOGRAPHIC FINDINGS
Previous studies attempting to correlate pain intensity levels with the quality of bony changes in TMJ osteoarthritis using different imaging modalities were equivocal. Prediction of radiographic findings is typically challenging because the association between signs and clinical presentation is not well-founded.
23,27-29
Using 
35
Some studies showed poor correlation between TMJ pain and radiologic bony changes.
27-29
Weise et al reported in their study that none of the pain related variables were associated with radiographic changes. 23 This is in agreement with Sato et al's study where they concluded that there was a poor association between abnormal radiographic findings and TMD signs and symptoms in the elderly. 36 Ohlmann et al also reported that MRI-depicted images of bony changes in the TMJ did not correlate with pain. 
49
Musculoskeletal pain is most often localized and characterized by deep ache and recurring in scattered and irregular episodes. 50 Visceral pain is a poorly localized pain coming from the internal organs often accompanied by autonomic reflexes. 51 Cutaneous pain is a pain sensation arising from the skin.
52
HYPOTHESIS
This study aims to revisit the relationship between the bony changes in the TMJ and self-reported pain. We hypothesize that the quality of the bony changes seen in CBCT images is related to the patients' pain symptoms as reported by the verbal pain score and pain on palpation. To test this hypothesis, we reviewed and quantified the condylar changes using CBCT images and examined their relationship with clinical measures. The radiographic interpretations in the EPR were retrieved and reviewed by the PI.
Additionally, using Invivo Dental software, each subjects' volume images were re-opened to visualize the findings reported in the EPR. A Lenovo (Lenovo, Morrisville, NC, USA) T60p monitor with 1024 X 768 resolution was used. Each subject's TMJ bony changes were eventually classified using Koyama's criteria. Due to the sparseness of the various clinical measures in the dataset, the only outcomes that were modeled were verbal pain score and the four mandibular range of motion measures. The maximum condyle change was used as explanatory variable. (53) 30 (100) 3 (10) 12 (40) 15 (50) 30 (100) OA -osteoarthritis; marg prolif -marginal proliferation; IndetOA -Indeterminate for osteoarthritis The relationships between maximum condylar bony change with verbal pain score, ranges of motion in maximum opening, protrusion, right and left lateral range of motion are shown in Table 4 . There was a poor correlation between maximum condyle bony change and Verbal pain score producing a p=0.3995 (Koyama) and p=0.9490 (Ahmad) . Also, there was no statistically significant relationship between maximum condyle changes and opening range of motion yielding p=0.0629 (Koyama) and p=0.0951 (Ahmad) . With protrusion, the relation was also not statistically significant with p=0.7001 (Koyama) and p=0.3612 (Ahmad) respectively.
The maximum condyle bony change was not significantly correlated with right lateral range of motion resulting in a p=0.9093 (Koyama) and p=0.6877 (Ahmad) . With left lateral range of motion, it resulted in a p=0.6494 (Koyama) and p=0.3236 (Ahmad) . (Fig. 3 and 4) . There was no statistically significant relationship between maximum condylar bony changes and verbal pain score producing p=0.3995 (Koyama) The relationship between Koyama's and Ahmad's classification is shown in Table 5 .
There was a high correlation between the average and maximum condyle changes (p<.0001).
Similarly, the average and maximum glenoid fossa changes also showed statistically significant correlation between Ahmad's classification and the positive/negative responses (p<.0001) that was used in this study. There was statistically significant correlations between the average and maximum changes of condyle and glenoid fossa. Ave condyle -average condyle; Max condyle -maximum condyle; **Spearman's correlation coefficient
DATA ANALYSIS FOR RELIABILITY STUDIES
To determine interexaminer reliability in assigning a classification, a set of 9 subjects
were randomly selected and their radiologic interpretations were reviewed by a second observer (Senior Radiology resident). The volume images were also re-opened under standardized conditions to visualize the findings in the EPR. The observer was given a visual instruction sheet with sample images of bony changes to serve as a guide in designating a classification.
To establish intraexaminer reliability, another set of 9 subjects were randomly selected 2 weeks after the initial review. The radiologic reports were reviewed again and the volume images were re-opened under the same standardized conditions to envision the findings in the radiographic interpretations. The observers then designated a classification using Koyama's & Ahmad's criteria.
The kappa values were computed as a measure of intra and interobserver variability (Table 6) As seen in the tables above (Table 6 ), strong inter-rater and intra-rater agreement was observed on all variables. Perfect agreement was obtained for inter-rater analysis on right and left glenoid fossa and intra-rater analysis on right glenoid fossa.
CHAPTER 4
DISCUSSION
The results in this study where the radiographic findings did not find significant correlation with clinical findings is consistent with previous studies. 
58
From the images in this study, it was possible to see a clear delineation of the joint in 3 dimensions without the problem of superimposition. Nevertheless, this study found no significant relationship between maximum bony changes with self-reported pain and ranges of motion. We proposed that one of the reasons for the lack of correlation was related to the multidimensional experience of pain. Besides, patients are unable to distinguish masticatory muscle pain from pain of osteoarthritic origin. Localized muscle pain often accompany TMJ inflammation. Patients may complain of tenderness to palpation that may be equal or greater than the degree of pain in the joint.
59
The study by Weise et al 23 did not find any association between degenerative bony changes in TMJ tomograms and any pain-related variables such as muscle and TMJ pain on palpation, duration of pain somatization scores, and graded chronic pain, including disability points and characteristic pain intensity. Also there was no significant association with depression score, jaw disability score, and presence or absence of arthritic disease. They explained that this non-association may be due to the differences in the onset of pain and detectable radiographic bony changes because radiographs do not depict ongoing process but the effect of a previous process.
In this present study, the relation of maximum condyle change with verbal pain rating score and ranges of motion was evaluated. The result showing a very poor correlation strongly suggests that pain reported may be due to other causes other than temporomandibular joint pain. Other conditions such as synovitis or inflammation of the capsular tissues may be possible causes of joint pain. Degenerative changes that are not evident on radiographs are also significant factors in joint pain.
30
Chronic psychological stress may add to symptoms of TMJ osteoarthritis 18 An increased incidence of parafunctional habits like clenching and bruxism that increase joint loading may increase the pain associated with TMJ osteoarthritis. 18 Parafunctional activity most often causes sustained muscle contraction for long periods of time. This isometric activity decreases blood flow within the muscle tissue resulting to accumulation of metabolic by-products that lead to symptoms of fatigue, pain, and spasm. 
64
Some joints that show radiographic evidence of DJD may be due to remodeling that took place but where the condition has already stabilized. When the radiographic images confirm the structural changes in the subarticular bone but the patient no longer has pain symptoms the condition may be termed osteoarthrosis. 8 The degenerative course seems to burn-out within a 3-year period so that the inflammatory process has subsided, pain has gradually diminished, adequate range of motion is restored and there is decrease in joint sounds but the remodeling that has taken place in the condyle and fossa remains.
Osteoarthrosis is a non-inflammatory condition representing a subacute or chronic phase where there is an inflammatory component identified in fluid and tissue samples but the TMJ does not appear clinically inflamed. 18 In osteoarthrosis, there is usually the absence of pain and no point tenderness to palpation. Additionally, limitations in mandibular motion as well as crepitus, are often present. This is more obvious during the later part of the disease.
Imaging often disclose indications of structural changes in the subarticular bone of the condyle that substantiate a diagnosis. These radiographic changes may not be manifested in the early part of the degenerative process.
15
We used the 2 classification systems in this study in order to verify that the results can be duplicated by the other classification system. Both Koyama's and Ahmad's criteria yielded no correlation between maximum condyle changes and verbal pain rating score as well as ranges of motions. This study has shown that results will not be very different no matter what classification scheme was used. It is noteworthy that both classification systems when correlated for average and maximum bony changes yielded very significant correlations.
The study by Koyama et al was aimed at establishing criteria for evaluation of condylar bony change using Helical CT 1 . Likewise Ahmad et al developed the RDC/TMD 2 image analysis criteria, a comprehensive classification system for assessing osteoarthritic changes using CT. Both Koyama and Ahmad recommended that to reduce radiation dose, a dental CT or CBCT can be used which can provide diagnostic input similar to multidetector The RDC/TMD comprise of an acknowledged diagnostic system for the diagnosis and treatment of TMD.
67-69
It is the most universally used TMD diagnostic system for clinical studies and it also permit multiple comparison of clinical findings. 70 Because of the increasing demand for the use of CT and MRI, it was essential to develop an encompassing criteria for image analysis using these modalities as part of the RDC/TMD. In order to complement the operational requirements of the RDC/TMD, this classification system was developed for acquiring and analyzing panoramic, MRI and CT images to evaluate the TMJ. 
